Humans have profoundly affected the ocean environment but little is known about 20 anthropogenic effects on the distribution of microbes. Vibrio parahaemolyticus is found in 21 warm coastal waters and causes gastroenteritis in humans and economically significant 22 disease in shrimps. Based on data from 1,103 genomes, we show that V. parahaemolyticus is 23 divided into four diverse populations, VppUS1, VppUS2, VppX and VppAsia. The first two 24 are largely restricted to the US and Northern Europe, while the others are found worldwide, 25
Introduction 39
Hospitable environments for particular marine microbes can be separated by large distances 40 but whether dispersal barriers substantially influence their distribution and evolution is 41 unknown. There are many studies of distribution of marine microbes e.g. [1] [2] [3] [4] , but these 42 typically survey patterns of macro-scale diversity. Differences in species level or genus level 43 composition between locations are as likely to reflect environmental heterogeneity as 44 dispersal, making the patterns difficult to interpret. Recent spread of microbes between 45 continents has been documented for lineages that cause pathogenic infection of humans, 46 including notorious clonal groups within V. parahaemolyticus and Vibrio cholerae [5] [6] [7] [8] . 47
However, these lineages are unusual in using humans as vectors, which might facilitate long-48 5 numbers in most locations are small and the coasts of Africa and Australia, for example are 121 almost entirely unsampled. Nevertheless, our results demonstrate that at a global scale, 122 geographic distributions of populations overlap considerably and that there is a substantial 123 difference in the frequencies of the populations in the waters of Asia and those of the US 124 Coast (Fig. 2a) . 125
126

Relationships amongst populations 127
The populations have a modest level of differentiation at the nucleotide level (Supplementary  128   Table 2 ), with Fst values of around 0.1 approximately equivalent to that between humans 129 living on different continents 18 , implying that most common polymorphisms are shared 130 between populations. VppUS1 is the most diverse and isolates are no more similar to each 131 other in terms of mean SNP distance than they are to members of the other populations (Fig.  132 1b). However, according chromosome painting, which is based on haplotype similarity and 133 therefore more sensitive in detecting sharing of DNA due to common descent, all of the 134 members show substantially higher coancestry with other members of the population than 135 any of the other isolates in the dataset (Fig. 2b) , implying that the population consists of 136 isolates that share ancestry, rather than being a collection of unassignable genomes. The other 137 populations have consistently lower distances with members of their own populations and 138
VppX and VppAsia are more closely related to each other than they are to VppUS1 and 139
VppUS2. 140 141
One explanation for the high diversity of VppUS1 is that it has frequently absorbed genetic 142 material from other populations. In order to test this hypothesis, while avoiding the effect of 143 clonal relationships within the population itself on estimates of relationships with other 144 populations, we painted the chromosomes of each of its members, using the members of the 145 other three populations as donors. A high diversity of painting palettes was observed from 146 VppUS1, with between 43% and 74% assigned to VppAsia and between 15% and 49% to 147 VppUS2 ( Supplementary Fig. 4a ). By contrast, the other three populations showed lower 148 levels of variation in assignment fractions in analogous paintings ( Supplementary Fig. 4b-d) . 149
Thus, VppUS1 owes its high diversity to being a hub for admixture, with input from both 150 VppUS2 and VppAsia. The members of VppUS1 in our sample are all clearly distinct in 151 ancestry profile from members of other populations (Fig. 2b) , justifying the distinct 152 population label, but if gene flow levels were higher, it seems likely that the population 153 would lose its distinct identity and ancestry patterns would be better described by a 154 continuum than discrete population labels. 155
156
Recent mixing of V. parahaemolyticus populations 157
The observation of distinct populations is informative about patterns of migration in the past. 158
Population genetic theory implies that differentiation between demes can only arise and 159 persist if levels of migration between them are low, specifically on the order of magnitude of 160 one migrant per generation or less 19 . Once a migrant arrives in a deme, it progressively 161 imports DNA from other strains and becomes more and more similar to the other strains in its 162 new deme. The intuition behind the theory is that if too many strains are migrants, the demes 163 will progressively lose their distinct genetic profiles and merge into a single gene pool. This We also examined the origin of imports within CG1, the global pandemic clonal group. As 222 for the VppAsia isolates, a higher fraction of the imports was from the two US populations 223 amongst the isolates found in the North America than for the isolates found in Asia itself. 224
This small difference in ancestry, corresponding to about 0.19% of the genome in total (Fig.  225   3c) In order to explain why the pattern of dispersal has changed recently, it is necessary to first 235 postulate reasons why dispersal was previously limited. We hypothesis that spread of bacteria 236 between oceans is limited by large distances between environments that are hospitable, 237 making it rare that bacteria survive transportation between them. Large mammals, seabirds 238 and other aquatic organisms travel large distances but do not necessarily provide habitats that 239 V. parahaemolyticus can colonize for the days or weeks required to get from one ocean to 240
another. Thus, we propose that dispersal between oceans did occur but was rare. 
Conclusions 267
Our results support our earlier conclusion that V. parahaemolyticus is subdivided into distinct 268 geographical populations. We have identified 4 clearly differentiated populations, two of 269 which appear to have foci in the US (VppUS1 and VppUS2). A third is predominant in Asia, 270 while the ancestral home range of the forth VppX is difficult to guess based on current 271 sampling. However, these ranges pose a puzzle, in that they overlap substantially, both for 272 environmental and human disease causing isolates, which show approximately similar 273 patterns of distribution. Hybrids are rare, for example, amongst VppAsia isolates found in the 274 US, most have ancestry profiles indistinguishable from strains found in Asia, while a handful 275 have less than 10% introgression from either of the two US populations. The simplest and 276 most parsimonious explanation is that previous barriers to migration have been reduced 277 recently, allowing bacteria to disperse rapidly between continents but that because bacterial 278 recombine relatively slowly (about 0.017% of their genome a year on average), there has not 279 had sufficient time to generate hybrids. 280
281
These results have two major implications. Firstly, they suggest that recent human activity 282 has disrupted long-standing barriers to genetic exchange in the oceans and that this has 283 affected microbial population structure. Secondly, changing global patterns of V. 284 parahaemolyticus disease incidence may be directly connected to changes in dispersal of the 285 species, rather than being specific to the small number of clonal lineages that are responsible 286 for most of the major outbreaks.
288
Materials and Methods 289
Bacterial strains 290
Totally 1,103 strains were used in this research, including 392 newly sequenced and 711 291 publicly available strains (Supplementary Table 1 New sequenced strains were cultured in the LB-2% NaCl agar at 37 °C, and classical 298 phenol/chloroform method was used to the extract genomic DNA. 299 300
Sequencing and assembly 301
The whole genome DNA was sequenced by using Illumina Hiseq 4000. The pair-end 302 sequencing library with average insert size of 350 bp were build according to the 303 manufacture's introduction (Illumina Inc., USA). The read length is 150 bp and in average 304 500 Mb raw data were generated for each strain, which is corresponding to the sequencing 305 depth of approximately 100 fold. The adaptor sequence and low quality reads were filtered 306 and the clean reads were assembled by using SOAPdenovo v2.04 27 as described before 16 . The 307 number of contigs and average size of assemblies are 263 and 5.1 Mb, respectively. 308
309
Variation Detection 310
The SNPs were identified by aligning the V. parahaemolyticus genomes against with the 311 reference genome (RIMD 2210633) by using MUMmer 28 as previously described 16 , and only 312 bi-allelic SNPs were used in further analysis. As the number of detected SNPs would relate 313 with core-genome of different strain sets, we created multiple SNP sets by using different 314 strain sets when perform analysis in various purposes. Totally 462,214 SNPs were identified 315 from all 1,103 genomes, 650,683 SNPs were from 469 non-redundancy genomes, 355-8,921 316 SNPs were separately from 13 clonal groups. 317
318
Population structure 319
The NJ trees were built by using the TreeBest software 320 (http://treesoft.sourceforge.net/treebest.shtml) based on sequences of concatenated SNPs, and 321 were visualized by using online tool iTOL 29 . 322
323
The population structure of V. parahaemolyticus was built based on the 469 non-redundancy 324 genomes set by using Chromosome painting and fineSTRUCTURE 17 as described before 16 . 325
The fineSTRUCTURE result of all 469 non-redundancy genomes revealed that multiple 326 clonal signals still presented. Therefore we selected only one representative genome from 327 each clone, and combined them with the left genomes to perform another round of 328
Chromosome painting and fineSTRUCTURE analysis. After six iterations, we finally 329 obtained a set of 260 genomes with no clonal signals presented in the result (Supplementary 330 Fig. 2b ). To balance the sampling size among different population, we selected 60 strains, 331 including 14-16 strains from each population and 2 hybrid strains, to repeat the 332 fineSTRUCTURE analysis (Supplementary Fig. 2c ). The result further verify the population 333 structure of V. parahaemolyticus species. Population assignment based on fineSTRUCTURE 334 was consist with NJ tree (Fig. 1a) except for two strains, PCV08-7 and TUMSAT_H01_S4, 335 and one epidemic group, CG2. Strain PCV08-7 and TUMSAT_H01_S4 were assigned to 336 VppAsia and VppUS2 respectively by fineSTRUCTURE analysis, but in the NJ tree they are 337 more closely related with VppX strains. The CG2 strains were all assigned to VppX 338 populations by fineSTRUCTURE, but in NJ tree it was grouped with VppAsia strains. 339
The length of chunks were extracted from the output file of Chromosome painting based on 340 469 non-redundancy strains, to calculate the percentage of admixtures of different 341 populations for each non-redundancy genome (Fig. 2b) . 342 343
New designation of V. parahaemolyticus populations 344
In previous study, we designated four V. parahaemolyticus populations, named Asia-pop, US-345 pop 1, Hyb-pop 1, and Hyb-pop 2, separately, based on dataset of 157 genomes. Here with 346 more samples were used in distinguishing the population, we found a new population that 347 mostly isolated from US, and the previously defined Hyb-pop 1 were known as just several 348 hybrid strains, or representatives of otherwise unsampled populations. Table 1 ), defined by intra-377 group paired-distance less than 2,000 SNPs, were selected to be used in detection of 378 recombination events. We firstly used previously pipeline to detect recombination 16 . Briefly, 379
we recalled the SNPs for each clonal group because different datasets had different core-380 genomes, and these SNPs were used to construct a NJ tree. Then PAML software package 30 381 was used to determine the SNPs of each branch. Assuming neutrality and no recombination, 382 the observed SNP density of a given region should follow the binomial distribution. We used 383 the sliding window method to identify regions that rejected the null hypothesis (P < 0.05) and 384
all SNPs in such windows were treated as recombined SNPs. We also used 385 ClonalFrameML 31 , a software based on maximum likelihood method, to detect bacterial13 recombination within the same dataset. Sequence alignments of genomes for each clonal 387 group and the corresponding maximum-likelihood tree constructed using PHYML with HKY 388 model 32 , were used as input files and non-core regions were ignored during calculation. The 389 inferred recombination regions using ClonalFrameML are mostly consistent with our in-390 house method (Supplementary Fig. 7) . We assigned CG1 strains into two groups according to their isolated location, with one 406 isolated from Asia and another isolated from North America. By using ClonalFrameML, we 407 inferred the recombination fragments that occurred on each strain. Totally 81 fragments were 408 found in Asia CG1 strains and 65 fragments were found in North America CG1 strains, with 409 total size of 221 kb and the median length of 1035 bp. Then we identify the possible donor 410 genome of these recombination fragments by align them against with 468 non-redundancy 411 genomes (excluding the CG1 genome from the dataset) using BLASTn, with a threshold of 412 coverage >= 80% and identity >= 99.5%. The observed frequency of the donor genomes in 413 each population was calculated. For recombination fragments carried by Asia CG1 genomes, 414 the average value of their donor frequency in a population were taken as contribution 415 proportion of the corresponding population to the recipient sequences in Asia CG1 genomes, 416 and similarly, we obtained the contribution proportion of each population to the North 417 America CG1 genomes (Fig. 3c) . We also try the relaxed identity thresholds (99.0%) in 418 
